Background: Genome methylation may modulate synaptic plasticity, being a potential background for mental disorder. Adverse childhood experiences (ACEs), known to be frequently reported by patients with alcohol dependence (AD), have been proposed as one of environmental inequities influencing DNA methylation. The study is aiming 1. To assess a promoter region methylation in gene for somatostatin receptor subtype-4 (SSTR4), a receptor for somatostatin, a neurotransmitter engaged in neuroplasticity and memory formation, in patients with AD; 2. To verify if SSTR4 promoter methylation is associated with ACEs and other selected environmental factors. Methodology: 176 patients with AD and 127 healthy controls were interviewed regarding 13 categories of ACEs; a structured self-reported questionnaire -to measure the sociodemographic and clinical characteristics; a module of Catalogue of Healthy Behavior -to assess nutritional health habits; the Alcohol Use Disorders Identification Test -to assess drinking severity. The SSTR4 promoter region methylation status was performed via methylation-specific PCR, and the genotyping for the SSTR4 rs2567608 functional polymorphism -according to the manufacturer's standard PCR protocol. Results: SSTR4 promoter region was found methylated in 21.6% patients with AD and 2.3% controls. None of following characteristics: current age, gender, term and kind of labor, 13 categories of childhood trauma, diet, alcohol drinking severity, age at alcohol drinking initiation, age at onset of problem drinking, cigarette smoking, and SSTR4 rs2567608 was a significant predictor for SSTR4 promoter region methylation. Conclusions: SSTR4 promoter region methylation in here studied participants may be either inherited epigenetic modification or secondary, but not to here assessed variables.
Introduction
Methylation of the cytosine bases in DNA (CpG islands) is an important epigenetic mechanism of gene transcription regulation in the central nervous system [1] . Methylated sites can be targeted by methylated DNA-binding proteins, which results in chromatin condensation and transcriptional repression [1] . Thus, gene promoter methylation generally results in lower gene expression. DNA methylation has been indicated as an important epigenetic mechanism in the modulation of synaptic plasticity in the adult brain by the regulation of neurogenesis in the adult hippocampus [2] [3] [4] .
The status of an individual genome methylation is shaped during the ontogenesis, from the stadium of zygote till the young adulthood [5] . Among the multiple factors indicated as potentially influencing genome methylation, a variety is listed: from diet, to childhood trauma, and activity of enzymes connected with DNA methylation [6, 7] .
Alterations in DNA methylation were reported in depression, schizophrenia and neurodegenerative disorders (Alzheimer's disease, Huntington's disease, Parkinson's disease) [8, 9] . However the etiology and clinical translation of genome methylation in this disorders is still studied [8, 9] . Adverse childhood experiences (ACEs) are one of factors postulated as potentially influencing DNA methylation [10, 11] . Noteworthy, this influence can be bimodal. On the one hand, such experiences may increase DNA methylation and decrease the expression of genes that regulate synaptic plasticity and neurotransmission promoting lower adaptive skills after trauma [12] . On the other hand, there is an evidence that stress may decrease the DNA methylation of specific genes involved in stress responses resulting in silencing the harmful inflammatory serum response to stress [12] . Adverse events may influence epigenetic changes that allow for the establishment of long-term genetic programs that control learning and memory [13] . Roth et al.
(2009) used a rat model of infant maltreatment to assess the possibility of lasting influences of earlylife adversity on DNA methylation [14] . Tissues were obtained from the prefrontal cortices and hippocampi of two groups of neonatal rats that were either exposed to stressed-abusive mothers or care-giving mothers for assessments of brainderived neurotrophic factor (BDNF) levels and DNA analyses. These authors revealed that infant maltreatment results in the methylation of gene for BDNF (BDNF) throughout the lifespan into adulthood and that this result is paralleled by reduced BDNF expression in the adult prefrontal cortex [14] .
CHILDHOOD ADVERSITIES ARE NOT A PREDICTORS OF SSTR4MET IN ALCOHOLICS
Patients with AD are known to report significantly higher rate of ACEs than the general population [15] . In our opinion, it can be due to several reasons. Alcohol abuse may be an invalid strategy to deal with unresolved trauma in vulnerable subjects or may be connected with coping health-harming habits from dysfunctional households or may be partially genetically warranted, associated with family alcoholism. In the National Survey of Adolescents, approximately 25 percent of physically assaulted or abused adolescents reported lifetime substance abuse or dependence [16] . In 587 adults assessed by Khoury et al. (2010) , physical abuse correlated with the use of all substances examined (alcohol included) [17] . Nationally representative surveys of USA and GB have
shown that ACEs have prolonged adverse effects on somatic and mental health [15, 17] .
In the USA national survey, persons reporting at least 4 ACE categories were 7 times more likely to suffer from alcoholism when compared with persons who reported none ACE category [15, 18] . However, not all siblings who grow up in dysfunctional alcoholic households [16, 17] develop AD, and among monozygotic twins, frequently only one develops depression or other mental problem, including AD [19] . These findings indicate that neither environmental nor genetic factors exclusively increase the risk of alcoholism; rather, the complete environmental-epigenetic-genetic interaction should be considered.
Somatostatin is a peptide hormone that has been found to act as a neurotransmitter and a neuromodulator of other neurotransmitters [20] . The role in cognitive function is complex and still remains to be determined [21] . One of its receptor, somatostatin receptor subtype 4 (sst-4), is expressed at the highest levels in the fetal and adult lung and brain, particularly in the CA1 hippocampal region [22] . There is a very scarce data on a potential role of the sst-4 in memory formation. Gastambide et al. (2009) found that intra-hippocampal injections of an 
Subjects and Methods
This is a study based on retrospective and self- "I eat a lot of fruit and vegetables" "I limit a consumption of such products as animal fat and sugar"
"I care about proper diet" "I avoid foods containing preservatives" "I avoid eating salt and heavily salted dishes" "I eat wholemeal bread" .
Their task was to specify on a 5-point scale how often had they performed a certain action over the last year (1-almost never, The details of our statistical analysis, allow for our results to still be still comparable with studies based on the ACE Study Score.
In order to address the possible bias connected with the participant's intentional attempt to present him or herself in either a better or worse mental and general condition, the researcher who remained present during completion of the questionnaires listed above was not involved in the patients' therapy. The recall bias was still possible during ACE (13) Score completion, which was listed among the limitations of the study.
Ethics
All of the participants gave written informed consent for their participation in the study. for the methodology of our study [34] . Lowe et al. (2013) proposed that the endothelial cells of the mouth are better suited for epigenetic studies than peripheral blood leucocytes [35] .
During the enrolment of the controls into our study, 4 males were excluded due to reaching the AUDIT scoring [28] indicating alcohol abuse (F10.1 according to the ICD-10) [29] or possible AD (F10.2 according to the ICD-10) [29] . None of these subjects exhibited SSTR4 rs2567608 promoter methylation. 
DNA isolation
Genomic DNA was isolated from the buccal swabs using the High Pure PCR Template Preparation Kit (Roche) according to the manufacturer's protocol. DNA was eluted in 100 µl Elution Buffer and quantified using a Picodrop spectrophotometer (Picodrop Limited). The quality of the DNA samples was analyzed by measuring the ratio of absorption at 260/280 nm. The purified total DNA was immediately used for PCR reactions or stored at −20°C.
The SSTR4 rs2567608 SNP genotyping
The SSTR4 rs2567608 was analyzed using the commercially available Pre-made TaqMan 
DNA methylation analysis
The DNA methylation status study was performed via the use of a specific and sensitive method involving chemical modification of cytosines to uracils via bisulfate treatment [37] .
To detect the methylation status, the altered DNA was then amplified via methylationspecific PCR (MSP) with selective amplification of the methylated and unmethylated alleles and the analyzed PCR products. The reaction conditions were as follows:
1. 98°C for 10 minutes 2. 64°C for 2,5 hours 3. 4°C for 16 hours.
The DNA was cleaned-up and desulfonated using Zymo-Spin™ IC Columns. Eluted ultrapure DNA was stored below -20°C.
After bisulfite modification, the screening of the converted DNA for SSTR4 promoter methylation with methylation-specific PCR was performed with a two-step approach.
To discriminate between methylated and 
Results

Study sample characteristic
The comparison between patients with AD and controls is depicted in the 
The logistic regression model for SSTR4 promoter region methylation
Variables that differed significantly between study subjects (patients with AD and controls) with and without SSTR4 promoter region methylation (Table 4) 3 The U Mann-Whitney test -Bold values mean a statistical significance according to Bonferroni correction (p<0.003) AD -alcohol dependence; AOPD -age at onset of problem drinking; AUDIT -Alcohol Use Disorders Identification Test; ACE -adverse childhood experience; CHB -Catalogue of Healthy Behavior; SSTR4 Met -somatostatin receptor subtype 4 gene promoter region methylated; SSTR4 unMet -somatostatin receptor subtype 4 gene promoter region unmethylated; p -level of statistical significance; SD -standard deviation Table 5 . Variables included into the logistic regression model for SSTR4 promoter methylation (38 patients with AD and 3 controls had methylated SSTR4 promoter region) (Table 1) . Among the controls, 3 carriers with a methylated SSTR4 promoter included one female who reported 8 ACEs, one male who reported 1 ACE, and a second male who reported no ACE. Number of self-reported ACE categories was not a significant predictor of SSTR4 promoter region methylation in our study sample of patients with AD and controls (Table 5 ). Patients with AD had their SSTR4
promoter region significantly more frequently methylated than controls (Table 3) . We made an attempt to verify if SSTR4 promoter region methylation in our whole study sample of patients with AD and controls is associated with factors, proposed in the relevant literature as possibly significant for DNA methylation [6, 7, 34, 36] . When individuals with methylated and unmethylated SSTR4 promoter region compared (patients with AD and controls), individuals with methylated SSTR4 promoter region were significantly more frequently patients with AD, scored significantly higher in AUDIT, and reported significantly higher number of ACEs' categories. However, only the group affiliation was found to be a significant predictor for SSTR4 promoter methylation (Table 5 ). These findings suggest that SSTR4 (Table 4) , AUDIT scoring was not found to be a significant predictor of SSTR4 promoter methylation (Table 5 ). Alcohol and cigarette compounds act directly also on blood cells, but similarly, several studies found no association between cigarette smoking, alcohol drinking and leukocyte DNA methylation [i.e., [41] [42] [43] [44] [45] .
Nutrients and bioactive food components were shown to alter genome methylation [6] . Folate, vitamin B-12, methionine, choline, and betaine can affect DNA methylation through altering 1-carbon metabolism. Folate comprises a methyl group that enters the synthesis of S-adenosylmethionine, which is a direct methyl donor for enzymes engaged in DNA methylation. Individual differences in activity of these enzymes are associated with functional polymorphisms for enzymes' genes and additionally modified by food components, i.e. genistein and tea catechin [6] . The MTHFR (methylenetetrahydrofolate reductase gene) 677T allele carriers present reduced enzyme activity [7] . found additionally that only the TT subjects with low levels of folate account for the diminished DNA methylation [47] . Sinclair et al. higher methylated in children of mothers using folic acid periconceptionally than of mothers who did not [49] . According to the possible nutritional influence on genome methylation, it was rather predictable to find SSTR4 promoter less frequently methylated than in controls.
First, lower than in controls scoring in CHB module for proper nutritional habits ( Table 1 ), indicated that patients with AD were rather low-methyl donor intakers (had lower folate and fiber intake and diet richer in fat (Western diet: high meat, energy, and alcohol intake and low fruit, vegetable, and fiber intake). Second, alcohol intake, additionally diminishes folate amount, probably because of degradation of folate in the colon by acetaldehyde, the first metabolite of alcohol [47, 48] . Nutritional habits assessed with CHB module were not significant predictors of SSTR4 promoter methylation in our study sample of patients with AD and controls (Table 5) 
Limitations
Due to several limitations, the study results should be interpreted cautiously. The study would provide stronger evidence after stratification for functionally important SNPs in genes involved in folate metabolism.
Because of population stratification, here found SSTR4 rs2567608allele and genotype frequencies and SSTR4 promoter region methylation frequency are restricted to the sample of polish Caucasian population and can not be generalized for other populations [51] . This is a first study that make efforts to map SSTR4 promoter region methylation frequency in this study sample of polish Caucasian population (please see the inclusion and exclusion criteria for this study). Population stratification should be controlled for in future studies that report phenotypic associations in samples from different populations [51] .
There are periods in human life cycle in which the individual is particularly susceptible to epigenetic influences; these include fertilization, gametogenesis, and early embryo development. DNA methylation is of multiple etiology, hardly possible to be verified in adults.
Proper verification of the association between diet and SSTR4 promoter region methylation require quantitative assessment of the food consumed in the life periods crucial for DNA methylation, i.e., folate and choline [3] . Mehedint et al. (2010) showed that mice maternal choline status deprivation in the late gestational age results in hypomethylation of specific CpG islands in genes controlling cell cycling in fetal hippocampus [52] .
Starvation has also been indicated as a possible factor influencing promoter methylation. We did not strictly asked our respondents if they starved during the childhood or adolescence, but one of questions from ACE 13 Score concerns physical neglect that partially include not eating enough ("Did you often or very often feel that You didn't have enough to eat (…)?"). However it is rather far from starvation.
Exposure to heavy metals and other air pollutants, bioflavonoids, and endocrine disruptors, such as bisphenol A and phthalates, has been also shown to affect brain development and epigenetic memory [53, 54] .
However their long-term effects are unclear at this point and require further studies [53, 54] .
Conclusions
In our Caucasian patients with alcohol dependence, SSTR4 promoter region methylation was significantly more frequent than in healthy controls, which may put them at higher risk for vulnerability both to adverse and supportive environment. In here assessed subjects, SSTR4 promoter methylation is rather primary epigenetic modification (inherited) or secondary, but not to adverse childhood events and alcohol drinking severity.
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